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PORTABLE A UGMENTED SILENT COOLING DOCKING STATION 



FIELD OF THE INVENTION 
[0001] The present invention generally relates to the field of computers such as 
5 portable computers, cooling stations, docking stations, and the like, and particularly 
to liquid cooling systems associated therewith. 

BACKGROUND OF THE INVENTION 
[0002] Until recently, cooling for computers, particularly laptop computers has been 

10 primarily accomplished by the use of conduction, natural convection, forced air 
convection, e.g. through surface dissipation of heat to the environment through heat 
sinks or enclosure surfaces, through the use of fans, and in many cases, the 
attachment of fans and heat sinks directly to heat generating components such as 
processors and the like. However, as processing power and circuit density increase 

15 on portable computer systems, cooling requirements may not adequately be met by 
conventional methods and structures. In addition, a primary heat dissipating surface 
for a laptop computer, e.g. the underside of the base, is often in direct contact with a 
work surface and thus is prevented from achieving maximum dissipation or even a 
predictable degree of dissipation. 

20 [0003] In addition, to the extent that forced air systems continue to be used and 
improved, n oise a ssociated n ot o nly w ith f an m echanisms, b ut w ith t he v olume o f 
moving air required to cool advanced processors becomes a problem. Such noise 
may be acceptable in the mobile computing environment, but in a relatively quiet 
environment such as an office where, for example, a portable computer may be 

25 attached to a docking station for use within the office environment on a desktop, 
noise levels associated with forced air convection from fans and the like may become 
unacceptable. 



P1974US00 



[0004] In many systems where heat removal is an important consideration, liquid 
based cooling systems may be used particularly on major heat generating components 
such as the display, and the like. In U.S. Patent No. 5,791,770 issued on Aug, 11, 
1998 to Hoyt, et al a cooling device is described for an LCD display the device 
5 having a sealed container into which the light source is immersed along with 
thermally conductive liquid coolant. Drawbacks of such a cooling device might 
include the lack of ability of the cooling device to address cooling needs of the 
processor and other heat generating components within the system. To address 
system wide cooling, U.S. Patent No. 6,313,990 Bl issued on Nov. 6, 2001 to Cheon, 

10 describes a liquid cooling system wherein a pump is used to circulate liquid coolant 
from a finned reservoir throughout the entire electronic device. Heat absorbed by the 
liquid coolant is dissipated when a fan circulates ambient air across the reservoir fins. 
However, as described, the use of a fan is noisy and undesirable in quiet 
environments such as offices. While typical laptop environments are generally less 

15 sensitive to noise; when a laptop is used in an office environment, fan noise would be 
considered undesirable. 

[0005] Some laptops or portable computer systems have been equipped with liquid 
cooling systems. The portable computer described in U.S. Patent No. 5,634,351 
issued on Jun. 3, 1997 to Larson, et al (hereinafter "Larson"), for example, has a two- 

20 phase cooling system residing in a base or lid of a portable computer near the 
circuitry to be cooled. The system of Larson uses passive wicking to circulate liquid 
throughout the system conserving battery power. Other liquid based cooling systems 
for portable computers such as that described in U.S. Patent No. 5,757,615 issued on 
May 26, 1998 to Donahoe et al., use motor driven pumps to circulate coolant through 

25 the system to heat exchangers. Accordingly, it can be appreciated that liquid cooling 
is an effective means of circulating heat away from heat generating components by 
absorbing heat into the relatively high heat capacity liquid and circulating the liquid 
either passively or by pump to a heat exchanger however a complete liquid cooling 
system within a portable computer adds undesirable weight and bulkiness. 
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[0006] Air convection may also be effective in removing heat and may be simpler in 
that air may be exhausted into the atmosphere, though it should be noted that air lacks 
the heat absorbing capacity of many cooling fluids. Fans may further be used to 
improve the rate of air exchange in a space and control where exhaust air is directed. 
5 While fans may be effective in moving heated air from an enclosure or away from the 
surface of a device or heat sink, other non-liquid, conduction based devices may be 
used to draw heat from a source where fans are impractical or undesirable for 
whatever reason. 

[0007] The simplest mechanical conduction device well known in the art is the heat 
10 sink. The heat sink takes advantage of materials with high thermal conduction 

properties coupled with increased surface area within the area to be cooled. The heat 

sink is often used in connection with other devices such as fans and the like to remove 

the heated air which dissipates from the surfaces of the heat sink from an enclosure. 

As real estate inside portable devices shrink, so does the effectiveness of heat sinks 
15 since a heat sink's effectiveness is proportional to the amount of surface area 

associated with its dissipating surfaces. Another device often used in connection with 

a heat sink is a heat pipe. 

[0008] A heat pipe in its simplest form is a thermally conductive material formed into 
a bar or pipe and often is terminated with a heat sink. Heat pipes may also be more 

20 complicated, sealed and filled with liquid or the like. The operation of the heat pipe 
is to draw heat along its thermally conductive length to a sink area where heat can be 
safely dissipated such as outside an enclosure or the like. In U.S. Patent No. 
6,459,575 Bl issued on Oct.l, 2002 to Esterberg, for example, a cooling module is 
described wherein a heat pipe associated with the cooling module is inserted into a 

25 heat sink associated with a device such as a portable computer or the like. Heat is 
drawn from the heat sink along the heat pipe to the cooling module where the heat is 
exhausted into the atmosphere using a fan. In other systems, such as that described in 
U.S. Patent No. 6,181,553 Bl issued on Jan. 30, 2001 to Cipolla et al, heat may be 
transferred from a portable computer to a docking station through the use of a heat 
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pipe and heat sinks located in the docking station. In a similar configuration, as 
described in U.S. Patent No. 6,434,001 Bl issued on Aug. 13, 2002 to Bhatia, heat 
pipes connected to heat sinks and associated with a docking station may be 
removably coupled to heat transfer elements of a portable device. Still further, for 
5 example as described in U.S. Patent No. 6,453,378 Bl issued on Sept 17, 2002 to 
Olson et al, a docking station may be provided with active cooling mechanisms such 
as heat pipes, heat slugs, cooling coils, and the like to transfer heat from the portable 
computer when docking is detected. 

[0009] Considering, however, the superior cooling capabilities and low noise 
10 qualities of liquid-based cooling systems, it would be desirable in the art for a cooling 
system which would incorporate the advantages of liquid based cooling in a quiet 
environment for portable devices. 



SUMMARY OF THE INVENTION 

15 [0010] Accordingly, the present invention is directed to a cooling station capable of 
augmenting cooling for a portable computer. In accordance with one embodiment, 
the cooling station preferably comprises a fluid reservoir containing a fluid for 
cooling, a circulating pump, and a first fluid circuit. The first fluid circuit preferably 
includes at least two first couplers to enable to the first fluid circuit to be coupled to a 

20 second fluid circuit associated with the portable computer. To facilitate coupling to 
the first couplers, the second fluid circuit may have at least two second couplers. The 
cooling station is preferably capable of circulating the fluid when docking is detected 
between the portable computer and the cooling station and it can be assured that 
coupling has been made between the first and second fluid circuits. The cooling 

25 station may further be equipped with an interface connector and a controller such as a 
detection circuit coupled to the interface connector. The controller is preferably 
capable of detecting docking between the cooling station and the portable computer in 
a suitable manner, and further, of activating the circulating pump when docking is 
detected. The controller may further de-activate a fan associated with the portable 
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computer when docking is detected. It should be noted that the fluid preferably 
includes one or more of: water, ethylene glycol, propylene glycol, and oil. To further 
aid heat transfer, the fluid reservoir may be equipped with cooling fins while the 
cooling station may include a convection vent such that heat accumulating in the fluid 
5 reservoir may be dissipated to the atmosphere via the convection vent. 

[0011] In accordance with another exemplary embodiment, a portable computer may 
be provided with augmenting cooling through a first fluid circuit having at least two 
first c ouplers w hich a re c apable o f c oupling t o a 1 1 east t wo s econd c ouplers a nd a 
second fluid circuit associated with a cooling station when the portable computer is 

10 docked thereto. The cooling station preferably includes a fluid reservoir containing a 
cooling fluid, a circulating pump, and a second fluid circuit coupled to, e.g. in-line 
with, the circulating pump and the fluid reservoir. The first fluid circuit may be 
coupled to the second fluid circuit and the fluid may be circulated when docking is 
detected between the portable computer and the cooling station. The portable 

15 computer in accordance with the present invention may further include an interface 
connector and a fan coupled to the interface connector and the cooling station may 
further be equipped with a controller coupled to the interface connector, the controller 
capable of detecting docking between the cooling station and the portable computer, 
and activating the circulating pump and de-activating the fan when docking is 

20 detected. As noted above, the fluid may preferably includes one or more of: water, 
ethylene glycol, propylene glycol, and oil. 

[0012] In accordance with still another embodiment, a system for augmenting cooling 
maybe provided including a cooling station having, for example, a fluid reservoir 
containing a fluid for cooling, a circulating pump coupled to the fluid reservoir, and a 
25 first fluid circuit including two first couplers, the circuit c oupled to the c irculating 
pump and the fluid reservoir. A portable computer may further be provided having a 
second fluid circuit with two second couplers coupling to the two first couplers. The 
first and the second fluid circuits are preferably coupled together and the fluid is 
capable of being circulated when the portable computer and the cooling station are 
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docked, with, for example, the circulating pump. The system may further include a 
fan, an interface connector and a controller coupled thereto. The controller may be 
configured to detect docking between the cooling station and the portable computer 
and may further activate the circulating pump and de-activate the fan when docking is 
5 detected. The fluid may include one or more of: water, ethylene glycol, propylene 
glycol, and oil. 

[0013] It is to be understood that both the forgoing general description and the 
following detailed description are exemplary and explanatory only and are not 
restrictive of the invention as claimed. The accompanying drawings, which are 
10 incorporated in and constitute a part of the specification, illustrate an embodiment of 
the invention and together with the general description, serve to explain the principles 
of the invention. 



BRIEF DESCRIPTION OF THE DRAWINGS 

15 

[0014] The numerous advantages of the present invention may be better understood 
by those skilled in the art by reference to the accompanying figures in which: 

FIG. 1 is diagram illustrating a conventional portable computer system and 
docking station employing heat pipes, heat sink, and fan; 
20 FIG. 2 is diagram further illustrating a conventional portable computer with 

heat pipe routing; 

FIG. 3 is diagram of an exemplary portable computer system and docking 
station with forced liquid circulation in accordance with the present invention; and 

FIG. 4 is diagram of an exemplary portable computer system and docking 
25 station with forced liquid circulation in accordance with the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 
[0015] Reference will now be made in detail to the presently preferred embodiments 
of t he i nvention, e xamples o f w hich a re i llustrated i n t he a ccompanying d rawings. 
The present invention provides an augmented portable computer and docking station 
5 having forced liquid circulation for silent cooling when operating in a docked state. 
[0016] There have been a number of different approaches taken in trying to provide 
cooling to various electronic devices. For example, U.S. Patent No. 5,896,269 issued 
on April 20, 1999 to Autry and involves a positive pressure heat sink conduit; U.S. 
Patent No. 5,927,094 issued on July 27, 1999 to Nickum and involves a cooling 

10 apparatus which uses waste heat; and U.S. Patent No. 6,487,463 issued on Nov. 26, 
2002 to Stepp and involves temperature sensors for actively cooling different regions 
of an electronic device. The Autry patent, the Nickum patent and the Stepp patent, 
each of which are each assigned to the present assignee, are each hereby incorporated 
by reference herein in their entirety. 

15 [0017] As described above in the background section, conventional cooling systems 
for portable computer systems operating in a quiet environment, e.g. have been 
limited in their capability for silent operation due primarily to the persistent use of 
fans as the primary means of removing heat from enclosures including docking 
stations. The use of docking stations for the purpose of docking portable computers 

20 systems is known to those of skill in the art. Conventional docking stations which 
include some features intended to cool personal computers are described in the 
Cipolla, et al patent and in U.S. Patent 6,574,102 issued to Usui et aL, both of which 
are hereby incorporated by reference in their entirety. FIG. 1 illustrates scenario 100 
wherein conventional portable computer 110 is shown in a pre-docking position to 

25 docking station 120. As described in Cipolla, et aL, a plug, such as plug 121 may be 
inserted into socket 111 and heat removed from portable computer 110 via 
conduction through heat pipes 122 to heat sink 123. Fan 124 may further be used to 
remove heat from the enclosure of docking station 120. However, fans are 
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undesirable for noise and other reasons as described hereinabove. Therefore a quieter 
solution would be preferable, e.g. liquid cooling without the use of a fan. 
[0018] FIG. 2 f urther i llustrates p ortable c omputer 1 1 0 a nd s ockets 1 1 1 w ith o pen 
ended heat pipes 112 coupled thereto. Problems arise however, in that sockets 111 
5 are c umbersome a nd, s ince t hey p rotrude f rom the c ase o f p ortable c omputer 1 1 0, 
may snag and possibly break. Further, heat pipes still are relatively limited in 
capacity thus do not adequately address the growing need for more powerful and 
faster processors which operate at much hotter temperatures than slower counterparts. 
[00191 To address these and other problems associated with conventional cooling 

10 approaches, the present invention provides for a closed loop circulating fluid system 
when a portable computer is docked and most likely to be in an environment where 
silent operation is desirable. As can be seen in FIG. 3, scenario 200 shows portable 
computer system 210 with fluid couplers 211 and docking station 220 with 
corresponding fluid couplers 224 as will be described in greater detail herein after. 

15 Docking station 220 may further be provided with circulation pump 222, and cooling 
reservoir 223 which, while configured to hold reserve cooling fluid, may also act as a 
heat radiator through the operation of cooling fins 225 and vents 226. Fluid lines 221 
may be used to carry a cooling fluid such as water, ethylene glycol, propylene glycol, 
oil, or other suitable coolant as would be known in the art, and will circulate fluid, for 

20 example, when portable computer 210 is in a docked state with docking station 220. 
It will further be appreciated that in order to properly operate without incident, 
docking must be sensed prior to activating circulating pump 222, e.g. when interface 
connector 212 is seated. In accordance with various exemplary embodiments, 
circulating p ump 2 22 i s p referably a s mall b rushless D C m agnetic d rive c irculator 

25 operating on voltage levels present in docking station 220. Circulating pump 222, 
however may also be an AC pump as docking station 220 preferably has access to 
1 10V 60 cycle AC. A main factor in selection of pump 222 is quietness of operation 
and the ability to be controlled, e.g. turned on and off, with reliability. 
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[0020] Alternatively, sensors can be incorporated into fluid coupler pairs 211/224 
such that when coupling is detected, circulating pump 222 may be activated. It will 
be appreciated that ideally, circulating pump 222 may be configured for quiet 
operation and may be activated only when a temperature reaches a certain value as 

5 could be sensed at one or many places within the system. It will also be appreciated 
that to prevent fluid leakage, couplers 211 and 224 are preferably equipped with a 
valve which closes after decoupling. In such a way, fluid remains in each of a first 
and s econd fluid c ircuit a ssociated w ith c ooling o r d ocking s tation 2 20 f acilitating 
circulation for the next docking session. It will further be appreciated that couplers 

10 211 and 224 may be of a kind, such as a quick connect-style fluid coupler, or the like, 
designed for zero or low insertion force and, again, configured to shut off through the 
operation of a flapper, valve, or the like to prevent fluid leakage. Since such coupling 
mechanisms are known, details of coupling mechanisms are omitted from the figures. 
[0021] A more detailed view of portable computer 210 and docking station 220 in 

15 accordance with various exemplary and alternative exemplary embodiments is shown 
in FIG. 4. It can be readily seen that coolant fluid may be circulated using circulating 
pump 222 along a fluid circuit determined by the routing of fluid lines 213 and once 
docking occurs, through fluid coupler pairs 211/224 through fluid lines 221 
associated with docking station 220. Controller 227, which may include a detection 

20 circuit m ay b e u sed t o, i nter a lia, d etect t hat d ocking h as o ccurred t hrough o ne o r 
more of: detecting coupling on fluid coupler pairs 211/224 or detecting docking on 
interface connector 212/228 and, in response thereto, either activate circulating pump 
222 or enable circulating pump 222 for operation once a temperature is sensed, for 
example, in reservoir 223, and/or processor 214. To complete the establishment of 

25 silent operation in accordance with the inventive principles described herein, fan 215 
may be disabled once circulation begins. 

[0022] The use of the term "portable computer" in this description is meant to 
encompass other similarly used terms such as "laptop computer" and "notebook 
computer." 
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[0023] It is believed that the portable augmented silent cooling station of the present 
invention and many of its attendant advantages will be understood by the forgoing 
description. It is also believed that it will be apparent that various changes may be 
made in the form, construction and arrangement of the components thereof without 
5 departing from the scope and spirit of the invention or without sacrificing all of its 
material advantages. The form herein before described being merely an explanatory 
embodiment t hereof. It i s t he i ntention o f t he f ollowing c laims t o e ncompass a nd 
include such changes. 
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